Objective To investigate whether C-reactive protein (CRP) is a biomarker of malignant ventricular arrhythmias (MVA) occurring in non-ST elevation myocardial infarction (NSTEMI) patients with Global Registry of Acute Coronary events (GRACE) scores < 140. Methods A total of 1450 NSTEMI patients were included in this study. Hs-CRP blood levels were measured via a turbidimetric immunoassay after confirming the diagnosis of NSTEMI with GRACE scores < 140. Results Consistent with prior studies, the MVA occurrence rate in our cohort was 6.7%, and patients with MVA exhibited a reduced left ventricular ejection fraction (46.1% ± 6.9% vs. 61.5% ± 8.7%, P = 0.032), a higher incidence of Killip classification > 1 (34.1% vs. 24.2%, P < 0.001), an increased surgical revascularization rate (34.1% vs. 9.7%, P < 0.001), and increased mortality (16.5% vs. 5.8%, P < 0.001). Serum hs-CRP levels were higher (P = 0.003) in NSTEMI patients with MVA, and this increase appeared unrelated to other clinical parameters. The C-statistic to discriminate MVA was 0.82 (95% CI: 0.74-0.89). Using receiver operating characteristics analysis, we optimized a cutoff point of 16 mL/L, and the sensitivity and specificity were 95% and 61%, respectively; the positive predictive value was 20% and the negative predictive value was 99%. Conclusions An hs-CRP assay is a potential MVA biomarker in low-risk NSTEMI patients with GRACE scores < 140. If validated in prospective studies, hs-CRP may offer a low-cost supplementary strategy for risk stratification for NSTEMI patients.
Introduction


Acute myocardial infarction (AMI) is frequently complicated by life-threatening malignant ventricular arrhythmias (MVAs) caused by severe metabolic and electrophysiological changes at the time of coronary obstruction. [1] All AMIs are subdivided into ST elevation myocardial infarctions (STEMI) and non-ST elevation myocardial infarctions (NSTEMI). The incidence of MVAs in AMIs is reported to be between 2% and 20%, with much higher frequency in patients with STEMI compared with those with NSTEMI. [2, 3] STEMI patients are a particularly high-risk cohort that demonstrate clear benefit from immediate revascularization with primary percutaneous coronary intervention (PCI) to reduce the complications of AMI. In contrast with STEMI patients, NSTEMI patients represent a heterogenous popu-# lation with difficult risk stratification at presentation. Current guidelines recommend early intervention (< 24 h) for high-risk NSTEMI patients [as defined by a Global Registry of Acute Coronary Events (GRACE) score > 140]; [4] a delayed interventional strategy (24-72 h) is considered reasonable for low-risk NSTEMI patients (GRACE score < 140). [5] However, the current scoring system (GRACE score) for risk stratification of NSTEMI patients leaves uncertainty about the risk of MVAs. Several studies found the rate of MVAs in large NSTEMI cohorts to be as high as 2.1%-7.6%. There is no agreed-upon method to assess the risk of MVAs in low-risk NSTEMI patients. Therefore, many hospitals admit all patients with low-risk NSTEMI to hospital units with continuous electrocardiographic and hemodynamic monitoring at a substantial cost. A method to further risk stratify for MVA occurrence in low-risk NSTEMI patients could lead to substantial cost savings and improved patient care. Many studies have found a mechanistic link between inflammatory processes and the development of atherosclerosis. [6] One study demonstrated that C-reactive protein (CRP), a marker of inflammatory activity, is related to atherosclerotic progression and cardiovascular events. [7] http://www.jgc301.com; jgc@jgc301.com | Journal of Geriatric Cardiology
Other studies [8, 9] have shown that CRP levels positively correlated with the incidence of adverse outcomes in NSTEMI patients, even after PCI. Furthermore, it has been reported that systemic inflammation is associated with arrhythmia occurrence. Although levels of CRP correlate with the incidence of ventricular arrhythmias in patients with structural heart disease, [10] there are few reports about the relationship between CRP levels and MVA incidence in NSTEMI patients, despite its rate of occurrence in "lowrisk" NSTEMI patients.
In this study, we assessed the association between the incidence of MVA and the serum levels of hs-CRP in low-risk NSTEMI patients. Our goal was to determine if the hs-CRP level could predict the incidence of MVA occurrence in this heterogenous group, enabling additional risk stratification. For instance, hs-CRP levels may assist the clinician in determining which NSTEMI patients may be admitted to a less monitored setting and which should receive angiography as soon as possible.
Methods
Study population
From June 2006 to March 2016, we prospectively evaluated 1450 patients (762 women and 688 men, aged: 51.8 ± 10.6 years) admitted to Anzhen Hospital, Beijing, China with a diagnosis of low-risk NSTEMI (as defined by the 2007 European Society of Cardiology guidelines [11] ). The inclusion criteria were: (1) patients received full-dose anticoagulant and antiplatelet therapy on admission; (2) patients did not undergo PCI within 72 h of admission; and (3) Global Registry of Acute Coronary events (GRACE) score < 140. The exclusion criteria included concomitant systemic diseases (cancer/chronic liver disease, sepsis, and other infectious diseases). All patients were monitored with continuous telemetry during hospitalization. The decision as to whether to perform PCI or coronary artery bypass grafting (CABG) was based on the SYNTAX score. MVAs were defined as sustained ventricular tachycardia (VT, defined by the presence of a series of consecutive ectopic ventricular beats at a rate of > 100 beats/min lasting > 30 s or lasting < 30 s but producing hemodynamic compromise); and ventricular fibrillation (VF). Concomitant VT and VF were also considered to be MVAs. Although non-sustained ventricular tachycardia (NSVA) is common after AMI, it was not classified as an MVA. The diagnosis of arrhythmias was confirmed by two experienced senior cardiologists.
This study protocol was approved by the Ethics Committee of Anzhen Hospital and was conducted in accordance with the Declaration of Helsinki. The authors certify that they obtained all appropriate patient consent forms. In the form, the patient(s) gave his/her/their consent for his/her/ their images and other clinical information to be reported in the journal. The patients understood that their names and initials will not be published and due efforts will be made to conceal their identity, but anonymity cannot be guaranteed.
Hs-CRP measurement
We measured hs-CRP within 6 h of the onset of chest pain (pre-MVA) by the turbidimetric immunoassay method. For those patients with confirmed MVA, additional specimens were obtained 4-8 h post-MVA and the third day after diagnosis.
Statistical analysis
Continuous data are described as the mean ± SD. Differences in those groups with normal distribution were measured by an unpaired t-test with continuous variables and Fisher's exact test for categorical variables. Multivariate logistical regression analysis was performed to determine the associations between baseline parameters and the incidence of MVA in the low-risk NSTEMI patients. The performance metrics of hs-CRP in the diagnosis of rejection were assessed. Receiver operator curves were generated for each measure, with area under curve estimates interpreted as a measure of the potential utility of each test, and test performance explored for optimal predictive values. Optimal "cut point" were determined as those providing the best balance of sensitivity and specificity to balance false positive and negative findings. Significance was defined as P < 0.05. Statistical analyses were performed using SPSS software V 10.0 (SPSS, Inc, Chicago, IL, USA).
Results
MVAs were detected in 97 of 1450 low-risk NSTEMI patients (6.7%). There were 52 cases of sustained VT lasting > 30 s in 44 patients and producing hemodynamic compromise in 8 patients, and 45 (46.4% of MVA patients) VF patients. 89 MVA events (91.8%) were recorded within the first 72 h, 8 MVA events (8.2%) were found over 72 h and less than one week after NSTEMI diagnosis. All MVA episodes converted to sinus rhythm, some spontaneously (24 VT patients) or by electrical (All VF and 15 VT patients) or chemical (13 VT patients) cardioversion.
Clinical characteristics of our cohort are shown in Table 1 . Patients with and without MVAs exhibited no significant differences in age, gender, diabetes mellitus, coronary artery disease, myocardial infarction, prior history of arrhythmias, Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com There was no significant differences in the proportion of the probability of cardiac interventional therapy during this admission between groups. However, the number of patients undergoing CABG was significantly higher in the MVA group (34.1% vs. 9.7%, P < 0.001). Thirty-day mortality was higher in the MVA group (16.5% vs. 5.8%, P < 0.001). A multivariate logistic regression analysis revealed Killip class, left ventricular ejection fraction, need for CABG, and hs-CRP to be significant predictors of MVAs in patients with low-risk NSTEMI (Table 2) .
Serum levels of hs-CRP ( Figure 1 ) were significantly higher in the MVA group (14.56 ± 4.11 vs. 8.89 ± 3.41, P = 0.003). cTnI did not differ significantly between the two Figure 3 ). The C-statistic for admission hs-CRP to predict MVA was 0.82 (95% CI: 0.74-0.89). Using receiver operating characteristics analysis, we optimized a cutoff point of 16 mL/L, and the sensitivity and specificity were 95% and 61%, respectively; the positive predictive value was 20% and the negative predictive value was 99%. The negative predictive value was high in each subgroup, and sensitivity was higher in Killip I-II and PCI groups when compared with Killip III-IV patients and CABG patients (94% and 100 % vs. 92% and 96%).
Discussion
The patients in our study with delayed intervention (> 72 h) were low-risk NSTEMI patients (GRACE < 140), this is the first study have paid so much attention to this cohort. Because of this, the incidence of MVA was lower in our study (6.7%) than previously reported (10.5%) in NSTEMI patients of all risk categories. [12] However, even in our low-risk NSTEMI cohort, the incidence of life-threatening MVAs was considerable.
In this study, we found that low-risk NSTEMI patients exhibiting higher levels of hs-CRP and lower left ventricular function (higher Killip class or lower left ventricular ejection fraction) were more likely to have MVAs. Others have reported different factors associated with increased risk of MVA in NSTEMI patients, such as coronary artery disease, previous myocardial infarction, chronic kidney disease, etc. [13, 14] None of these factors was consistently observed by us previously or in the current study. NSTEMI patients result in CABG tend to have a higher risk of MVA; in addition, twoor three-vessel disease patients had a higher risk of MVA. This means that the more severe the coronary condition, the higher the risk of MVA. It has been reported that inflammation plays a significant role in the pathogenesis of AMI. [15] Previous studies demonstrated that CRP is increased in acute coronary syn- dromes (angina, NSTEMI, STEMI) and is associated with a worse prognosis. [16] Elevated CRP levels are associated with greater risk of AF recurrence after electrical cardioversion [17] and MVA occurrence in implantable cardioverter-defibrillator patients. [10] In addition, patients with MVAs are more likely to experience higher systemic inflammation. [18] However, there have been no previous studies investigating the relationship between the prevalence or outcome of low-risk NSTEMI and CRP levels.
Our finding of an association between MVA and low left ventricular ejection fraction is consistent with previous reports, [19, 20] and suggests that patients with larger myocardial infarctions and more severe myocardial damage are at greater risk of MVA occurrence; unfortunately, we could not precisely estimate infarct size by radionuclide myocardial perfusion imaging or magnetic resonance imaging for financial reasons.
The serum level of cTnI has been found to be an excellent indicator of myocardial necrosis, and provides quantitative information with respect to infarct size and prognosis in STEMI patients. [18] In our study, the mean cTnI did not differ between the patients with and without MVAs. This is not surprising given findings by Giannitsis, et al. [21] who suggest that correlations between cTnI levels and infarct size are significantly weaker in NSTEMI populations compared to STEMI cohorts.
The association of hs-CRP and arrhythmias in low-risk NSTEMI patients is further strengthened by comparisons of patients with different arrhythmias. The mean hs-CRP was higher in patients with MVAs than in patients with AF or NSVA, and hs-CRP was also higher in AF patients than NSVA patients. These results indicate, that higher stepwise hs-CRP levels were observed in patients with increasingly http://www.jgc301.com; jgc@jgc301.com | Journal of Geriatric Cardiology aggressive arrhythmias. These results support several previous studies' findings, the largest of which showed that CRP was higher in patients with persistent AF compared with those with paroxysmal AF. [22] Furthermore, hs-CRP was also elevated 4-8 h after MVA activity when compared with samples obtained at admission, then decreased at 72 h after MVA, though they still were higher than the levels at 72 h in the control group. Interestingly, in patients with AMI, C-reactive protein increases within 4-6 h of symptoms and peaks 2-4 days later. [23] Therefore, whether inflammation is a consequence rather than a cause of MVA cannot be determined by these results.
To our knowledge, there are no previous studies evaluating the performance metrics of hs-CRP for the assessment of MVA in AMI patients. In our study, although the positive predictive value was notably low (about 19%), the negative predictive value was high (about 99%) in the entire cohort and all subgroups. It is likely that the use of a hs-CRP cut point-based screening strategy would be able to rule out the possibility MVA occurrence in NSTEMI patients. However, the samples size is still not large enough to draw a solid conclusion. We will try to recruit more medical centers and collect more samples in this project.
This study is the first to demonstrate that the elevated serum levels of hs-CRP are associated with MVA occurrence in low-risk NSTEMI patients. Hs-CRP may be a potential supplementary biomarker to evaluate the risk of MVA in NSTEMI patients. Furthermore, hs-CRP could be helpful for physicians determining the level of care, monitoring, or even timing intervention during admission for low-risk NSTEMI. This has the potential to reduce healthcare costs and improve resource utilization for this common disease.
Limitations
In this study, the sample size, while larger than any previous study of hs-CRP for NSTEMI screening, is still modest, especially as there were only 97 patients with MVA in this cohort. In addition, we were unable to regularly collect blood samples, which resulted in some deficiencies in rigorous establishment of timing between CRP concentration and the occurrence of arrhythmic events. Moreover, we failed to monitor patients' electrocardiogram after discharged from hospital, so we could not follow these patients' cardiac electrical activity, Even if some of them finally died of sudden death.
Conclusions
An hs-CRP assay is a potential MVA biomarker in low-risk NSTEMI patients with GRACE scores < 140. If validated in prospective studies, hs-CRP may offer a lowcost supplementary strategy for risk stratification for NSTEMI patients.
